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SUMMARY: 

... The presence of fungi or mold in buildings that are damaged by water is an area attracting 
public health attention, since it has been shown that some genera of molds are capable of 
producing a chemically diverse group of potentially toxic metabolites known as "mycotoxins". 
... Historically, cases of mycotoxin-induced illnesses (mycotoxicoses) have resulted from 
mass poisonings of livestock or humans that ingested large quantities of contaminated 
foodstuffs. ... For example, the levels of humidity in a building can not only promote mold, 
bacteria, and dust mite growth, but also affect the rate of off-gassing of formaldehyde from 
indoor building materials, formation of acids and salts from sulfur and nitrogen dioxide, and 
the formation of ozone. Many of the upper airway complaints attributed to mold exposure 
may in fact be due to dust mites, which are notorious allergens, or bacteria, as these are all 
potential sources of confounding when examining mold and moisture and adverse health 
effects. ... There are no established levels of exposure for which molds can compromise 


health in humans, as the daily outdoor air spore counts vary considerably both seasonally 
and geographically in the U.S., Table 6. ... Shelton determined that when Stachybotrys was 
present indoors, the average concentration was 12 CFU/m3 [95% confidence interval (CI), 
12 - 118 CFU/m3]; however, this genus was only detected in 6% of the buildings studied. ... 


TEXT: 
[*451] 


I. Background 


The presence of fungi or mold in buildings that are damaged by water is an area attracting 
public health attention, since it has been shown that some genera of molds are capable of 
producing a chemically diverse group of potentially toxic metabolites known as "mycotoxins". 
Molds are ubiquitously found both indoors and outdoors and grow on a plethora of surfaces; 1 
however, molds that are capable of producing mycotoxins require specific growth conditions 
to do so, Table 1. 2 The most commonly implicated genus of mold for producing mycotoxins 
in water-damaged buildings is Stachybotrys. 


[*452] 


A myriad of health problems, ranging from nonspecific indoor air quality complaints in adults 
to specific cases of pulmonary hemorrhage in infants, have been attributed to mycotoxins. 3 
Advocates for mold-induced illnesses in humans point to the identified toxicological data 
obtained from mycotoxins (mold metabolites) in animal models; however, these studies are 
based on ingestion or inoculation of large doses of the toxic agents into the test animals, 
Tables 2, 3, and 4. Moreover, no studies have shown that inhalation of mold spores, and 
possibly mycotoxins, at levels expected in mold-contaminated indoor environments are 
responsible for causing measurable health effects. 4 Historically, cases of mycotoxin-induced 
illnesses (mycotoxicoses) have resulted from mass poisonings of livestock or humans that 
ingested large quantities of contaminated foodstuffs. 


The consumption of foodstuff contaminated with mycotoxins can have deadly outcomes. 
However, this condition drastically differs from the claims that residing in a building 
contaminated with mold can cause measurable health problems. The former case results in 
the internalization of the toxin versus the latter case where there is only the potential for 
inhalation of minute amounts of mold, and possibly, mycotoxins. At present, the weight-of- 
evidence in the medical literature indicates that mold exposures occurring in contaminated 
buildings do not present an overt health hazard. It is advisable, however, that mold be 
removed from indoor environments, along with other possible irritants, such as dust mites, 
bacteria, animal dander, pollen, etc. 


II. Mold Exposure and Risk Assessment 


The production of mycotoxins (e.g. aflatoxin, ergotamine, ochratoxin, patulin, rubratoxin, 
trichothecenes) is highly dependent on the type of mold and the environmental conditions. 5 
In strains implicated in mycotoxicosis, not all produce detectable mycotoxins. ® Therefore, 
the presence of molds is not proof of the presence of toxins. A case in point is that of 


Stachybotrys chartarum which is a cellulose-decaying fungus with worldwide distribution. It 
grows [*453] well at room temperature and with humidity above 93% and can produce 
different types of macrocyclic trichothecenes, potent inhibitors of protein and DNA synthesis. 
7 As noted by Persad, ® route of exposure plays a key role in the development of disease. 
Direct administration of a large quantity of Stachybotrys chartarum spores into the lungs of 
rats has been shown to cause pulmonary inflammation and hemorrhage. ® However, when 
exposed to surfaces heavily tainted with this mold, and conditions of high airflow, mice did 
not experience any adverse pulmonary effects. 1° These reports demonstrate the potential for 
an adverse outcome after receiving a high dose of mold spores versus the lack of effect from 
even heavy exposure to mold spores, respectively. The latter case is clearly more relevant 
for establishing risk assessments based on the presence of molds in buildings, since 
exposure to molds is not likely to result in a dose. Furthermore, mycotoxins are not volatile 
and when they are identified in samples, it is usually from those obtained from inert dust or 
building materials. 4 Therefore, the actual exposure may be greatly exaggerated, especially 
for molds, such as Stachybotrys, whose spores are produced in a slimy mass under 
conditions of high humidity. 42 If inhalation was to occur, it is most probable that mycotoxins 
would be inhaled with airborne particulates, such as dust or dried out fungal components that 
have been agitated. 13 However, since mycotoxins are confined to spores, it is doubtful that 
they frequently reach the lower airways due to [*454] size limitations, considering the 
depth of particle penetration is inversely proportional to size. The upper airways trap 
particles of 10 - 60 m, while particles of 2 - 4 min diameter can reach the alveoli. As detailed 
in Table 5, mold spores generally have dimensions that prevent them from being respired 
into the smaller airways and alveoli. 14 


III. Mold Detection & Levels in Ambient Air 


Indoor environments are replete with various microorganisms including bacteria and molds, 
along with their potentially irritating products, including endotoxins and mycotoxins, 
respectively. 15 Generally, the presence of bacteria exceeds that of fungal species; 16 
however, the majority of building-related health claims implicate only molds as the causative 
agents. This might be explained, at least partly, by the fact that molds can form visible 
colonies while other organisms may remain undetectable to the unaided eye. The extent to 
which molds are responsible for compromising the health of inhabitants is debatable, 
considering the quantity of substances present, the multitude of health complaints set forth, 
and the lack of association for buildings that contain mold versus control buildings. In nearly 
all cases, the complaints voiced are of a symptomatic nature, devoid of any clear, underlying 
medical explanation. 17 Of these, many have been collectively categorized into syndromes, 
e.g. sick building syndrome (SBS), indicating that the cause is unknown. 


SBS is a commonly applied diagnosis, which is often abused and misinterpreted to denote 
headaches, dizziness, fatigue, and eye irritation associated with a building. 18 It has been 
shown that subjective factors, like mental stress, play a strong role in the [*455] perceived 
suffering of subjects. In one study, 2,160 subjects in 67 offices were evaluated for 
psychological stress and building-related symptoms. It was concluded that employees 
experiencing more physical and mental stress reported a higher prevalence of these 
symptoms compared to controls. #9 


Additional factors warrant further investigation when identifying causative agents and SBS. 


For example, the levels of humidity in a building can not only promote mold, bacteria, and 
dust mite growth, but also affect the rate of off-gassing of formaldehyde from indoor building 
materials, formation of acids and salts from sulfur and nitrogen dioxide, and the formation of 
ozone. 2° Many of the upper airway complaints attributed to mold exposure may in fact be 
due to dust mites, which are notorious allergens, or bacteria, as these are all potential 
sources of confounding when examining mold and moisture and adverse health effects. 21 


There are no established levels of exposure for which molds can compromise health in 
humans, as the daily outdoor air spore counts vary considerably both seasonally and 
geographically in the U.S., Table 6. 22 Most studies typically present a comparison between 
outdoor and indoor mold counts. Generally, these values are reported as colony forming units 
per cubic meter of air (CFU/m3). This method entails the collection of air samples (e.g. 
Andersen sampler), which are then grown on agar media for several days. After the 
incubation period, the plates are inspected, and the colonies of mold are identified by 
macroscopic and/or microscopic analysis and expressed as CFU/m3 for each respective genus 
of mold. 23 


The collection of air samples for the same specimen can result in variations up to 1,000-fold 
based on the sampler type. 24 Thus, it is very important to utilize a unified protocol when 
assessing mold levels in ambient air, especially when comparing control and mold- [*456] 
contaminated buildings. Single samples are typically obtained for the former versus multiple 
samples for the latter, 25 a situation that will almost assuredly result in an overestimation of 
the mold counts in contaminated buildings. Other factors that need to be considered when 
interpreting data of mold spore samples, include the conditions the sampling was performed 
under, @.g. normal room conditions versus more aggressive measures, such as vacuuming, 
carpeting type, pets, dust control measures, and humidification. 26 Finally, the dimensions of 
spores vary considerably and thus may be an important factor when attempting to quantify 
some species, considering larger spores will settle more quickly than smaller ones. 27 


The largest study performed to date with a unified protocol was completed by Shelton. 28 This 
study analyzed 9,619 indoor mold samples and 2,407 outdoor mold samples collected across 
the U.S. over a three-year period. This study found that the most common culturable 
airborne fungi, both indoors and outdoors and in all seasons and regions of the U.S., were 
Cladosporium, Penicillium, and Aspergillus. 2° No statistically significant association was 
observed between any common fungal type and reported health complaints. The most 
commonly identified genera of mold and the average mold counts from indoor samples are 
shown in Table 7. 


Many studies focus on correlating individual symptoms of an illness from residing or working 
in buildings with various genera of molds that can potentially produce trichothecenes, 
including: Fusarium, Stachybotrys, and Trichoderma. 3° Shelton determined that when 
Stachybotrys was present indoors, the average concentration was 12 CFU/m3 [95% 
confidence interval (CI), 12 - 118 CFU/m3]; however, this genus was only detected in 6% of 
the [*457] buildings studied. 31 Furthermore, human exposure to Stachybotrys species has 
not resulted in any significant association of health problems in buildings with culturable 
levels of Stachybotrys species and those without. 3 


IV. Conclusions 


At present, the weight-of-evidence in the medical literature indicates that mold exposures 
occurring in residential and commercial buildings are not likely to result in significant health 
hazards. It is advisable, however, that mold be removed from indoor environments, along 
with other possible irritants, such as dust mites, bacteria, animal dander, pollen, etc. The 
production of mycotoxins is highly dependent on the type of mold and the indoor 
environmental conditions. Therefore, the presence of molds alone is not proof of the 
presence of toxins. Indoor environments are replete with various microorganisms including 
bacteria and molds, along with their potentially irritating products. Generally, the presence of 
bacteria exceeds that of fungal species; however, the majority of building-related health 
claims allege only mold as the causative agent. This might be explained, at least partly, by 
the fact that molds can form visible colonies while other organisms may remain undetectable 
to the unaided eye. The extent to which molds are responsible for compromising the health 
of inhabitants is debatable, considering the quantity of other substances present, the 
diversity of health complaints set forth, and the lack of epidemiological data to validate an 
association between mold exposure and significant adverse health effects. [*458] [figure] 
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